INTRODUCTION
High-pressure thermodynamic properties of fluids are of considerable interest from a fundamental and a practical point of view. Their knowledge helps us to better understand type and nature of the molecular interactions, thus enabling the development of adequate models of the liquid state. In general, the high-pressure data help in developing technologies that require working liquids exposed to changing pressure, e.g. those of fuels, hydraulic fluids, refrigerants, cleaning and foaming agents, etc. Furthermore, from a fundamental point of view, the speed of sound is one of the key quantities for the equation of state development.
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The acoustic method, which has found widespread acceptance as a precise tool for the determination of thermodynamic properties of compressed liquids, is an excellent alternative to the direct determination of the p-ρ-T data of liquids. These data obtained from the experimental speeds of sound are not only considered reliable but also versatile because the speed of sound can be measured accurately over wide ranges of temperature and pressure. [4] [5] [6] As the propagation of sound waves is an adiabatic process, the acoustic method can be used for determining the isentropic compressibility of fluids directly. Combining the isentropic compressibility along with the isobaric heat capacity, the isothermal compressibility can then be calculated. Additionally, the isochoric heat capacity and internal pressure can also be determined using isothermal and isentropic compressibility data. Knowledge of these thermophysical properties over a sufficiently wide range of temperatures and pressures for various ILs could undoubtedly facilitate the correlation of their properties to further evaluate their real potential for industrial and large-scale engineering applications. However, the interpretation of speed of sound data and their usability for the determination of related thermodynamic properties is only possible on the basis of the prior knowledge of the relaxation regions. Observed ultrasound absorption spectra of some ILs suggest that under high-pressure and/or low temperature a dependence of ultrasound velocity on frequency may be observed at frequencies of transducers operating in conventional and commercial ultrasound devices. 7 In that case, the measured values cannot be regarded as the thermodynamic speed of sound; thus it is not possible to use the Newton-Laplace equation
and to determine other thermodynamic properties.
Up to date, experimental high-pressure speed of sound data were reported in six pure ILs, 
Speed of sound measurements.
The speed of sound under high-pressure was measured at a frequency of 2 MHz by means of the pulse-echo-overlap instrument, which was designed and constructed in our laboratory.
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The pressure was measured using a manometer consisting of a strain gauge HottingerBaldwin P3MB, equipped with a Hottinger-Baldwin MC3 signal amplifier, modified in our laboratory, and a digital voltmeter Meratronik V 542. The repeatability of the measured speeds of sound was within less than ± 0.04% under highpressure. The expanded uncertainty (k=2, level of confidence of 0.95) under high-pressure for measured ILs was estimated to be less than 1 m·s -1 .
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Density measurements.
The density at ambient pressure was measured by means of an Anton Paar vibrating tube densimeter (DMA 5000). All measurements were made in the static mode. 
RESULTS AND DISCUSSION
High-pressure speed of sound. Table 2 .
The speed of sound data, pressure and temperature were correlated by the equation:
which was suggested by Sun et al. 24 The a ij are parameters determined by a least-squares fit u is the speed of sound at p > 0.1 MPa, u0 is the speed of sound at atmospheric pressure p0= 0.101325 MPa, reported in a previous paper. 7 The coefficients aij and the mean deviation of the experimental data from the correlation are given in Table 3 . The stepwise rejection procedure was used to reduce the number of the non-zero coefficients. 25 [28] [29] [30] [31] [32] [33] and measured in this work (Table S1 of the Supporting Information) by adopting two polynomial equations:
one proposed by Sun et al. 23 (eq.1) and the other suggested by Esperança et al. 9 (fitting parameters are reported in Tables S2, S3 and S4 of the Supporting Information). In order to enlarge the probability to find a global minimum of the last-squares fits, repeated calculations with a set of random starting values for the parameters have been performed. As the results for the parameters depend on the initial values, the global minimum can be found with high confidence. If most results coincide, it is very likely that the found minimum is the global minimum. Residuals increase systematically with increasing pressure for the data reported by
Sun et al. 28 independent of the fitted polynomial equation (see Figures S1 and S2 in the Supporting Information). This is probably the main reasons for the increasing differences between our speeds of sound and the data of Esperança et al. 9 at high-pressures.
The high-pressure acoustic and thermodynamic raw data sets for the IL family High-pressure density, isentropic compressibility and isobaric heat capacity.
Using the experimental speeds of sound at high-pressures, determined in this work, together with the densities and isobaric heat capacities at atmospheric pressure, p-ρ-T and p-Cp-T data were calculated. Comparing them with literature data for high-pressure densities, isentropic compressibilities and isobaric heat capacities further evaluates the reliability of our results for the speed of sound. The pressure derivatives of the density and isobaric heat capacity were calculated using the following thermodynamic relationships:
where αp is the isobaric thermal expansion coefficient which is calculated from definition . where p0 is chosen as the atmospheric pressure: slightly on pressure. Moreover, the first term of the right hand side of eq. 4 is significantly larger than the second one, since the latter results from the difference between the isentropic and isothermal compressibilities that is rather small. The heat capacity at 2 p is given by: 
atmospheric pressure were taken from our previous works.
7, 45 Calculated densities and isobaric heat capacities at high-pressure are reported in Tables 5 and 6 , respectively.
With the calculated densities and experimental speed of sound data, the isentropic compressibilities were calculated by the Newton-Laplace equation
. The expanded uncertainty (k=2, level of confidence of 0.95) of κs is estimated to be
U(κs)=1.5·10
-3 κs TPa -1 . The results for the isentropic compressibility are given in Table 7 .
As reported in Table 4 [NTf2] series, with n = 2 to 8, reaches a minimum for n between 4 and 6 at 0.1 MPa, while this minimum seems to be shifted to a lower alkyl chain length with increasing pressure (e.g. n = 3 as observed at 101 MPa). This finding may be related to the dual nature of the interactions in these ILs which include nonpolar-dispersive and ionic domains and may be used as a proof of the transition between globular and bicontinuous, sponge-like nanostructures transition observed by several research groups using MD simulations. Finally, it should be noted that measurements of ultrasound relaxation under high-pressures would be very useful to clarify the relaxation processes which occur in these ILs, especially for verifying the required conditions of their speed of sound data as a source for other thermodynamic properties.
Supporting Information.
Speeds of sound in benzene are tabulated in Table S1 . Fitting parameters for different correlations of the speed of sound in benzene are tabulated in Tables S2-S4 
